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1. INTRODUCTION {#jcmm15147-sec-0001}
===============

Based on data from National Health and Nutrition Examination Survey (NHANES) 2011‐2014, 6.5 million American adults suffered heart failure (HF),[1](#jcmm15147-bib-0001){ref-type="ref"} of which the projected prevalence is expected to increase 46% from 2012 to 2030.[2](#jcmm15147-bib-0002){ref-type="ref"} While the risk factors of HF vary with geography, hypertension is considered to be highly associated with HF in almost all regions worldwide.[3](#jcmm15147-bib-0003){ref-type="ref"} Therefore, humans pay more attention to the prevalent magnitude of hypertensive heart disease (HHD). Its cardiovascular sequelae include myocardial hypertrophy, remodelling and the subsequent congestive HF. As a common feature seen in patients with hypertension or aortic stenosis, compensatory myocardial hypertrophy develops to restore the cardiac function in initial stage.[4](#jcmm15147-bib-0004){ref-type="ref"} However, pressure overload ultimately leads to HF characterized by cardiac dysfunction, structural remodelling and fibrosis in both interstitium and vasculature.[5](#jcmm15147-bib-0005){ref-type="ref"}, [6](#jcmm15147-bib-0006){ref-type="ref"}, [7](#jcmm15147-bib-0007){ref-type="ref"} Despite of significant advance in experimental research and clinical treatment to the spectrum of HHD, millions of patients still suffer from a gradual process of HF which accounts for the inordinate mortality.[8](#jcmm15147-bib-0008){ref-type="ref"} A wealth of information gives priority to angiotensin‐converting enzyme inhibitors (ACEIs)/angiotensin receptor blockers (ARBs) by a wide margin in the treatment of cardiac hypertrophy and heart failure but numerous patients are still not free from the cardiac disturbance. Gerber et al[9](#jcmm15147-bib-0009){ref-type="ref"} reported that from 2000 to 2010 the advance in improving survival kept levelling off and the overall 5‐year mortality of HF remained high at about 50% in Olmsted County, Minnesota. Compared with placebo, ARBs and direct renin inhibitors (DRIs) are not beneficial in decreasing the rate of efficacy outcomes including death, cardiovascular death, non‐fatal myocardial infarction, HF hospitalization and composite of cardiovascular death or HF hospitalization when HF therapy is not enough.[10](#jcmm15147-bib-0010){ref-type="ref"} Given the poor prognosis and the staggering social burden HHD and HF exert, a better understanding of the precise mechanism of HHD and HF merits accelerated investigation.[11](#jcmm15147-bib-0011){ref-type="ref"}

Accumulating evidence suggested HHD is associated with inflammation. Levels of pro‐inflammatory cytokines have been found elevated in circulating blood in patients with heart failure.[5](#jcmm15147-bib-0005){ref-type="ref"} As one of the pro‐inflammatory cytokines, IL‐6 activates JAKs and STAT3 by recognizing its receptor (IL‐6R) and co‐receptor gp130, all of which play important roles in inflammation. IL‐6/gp130 signalling has been implicated in cardiovascular diseases.[12](#jcmm15147-bib-0012){ref-type="ref"}, [13](#jcmm15147-bib-0013){ref-type="ref"} There is ample evidence that IL‐6 is elevated during heart failure progression, which highlights IL‐6 as a potential target for intervention.[14](#jcmm15147-bib-0014){ref-type="ref"}, [15](#jcmm15147-bib-0015){ref-type="ref"} Studies have shown that infusion with IL‐6 leads to concentric cardiac hypertrophy and dysfunction in rats.[16](#jcmm15147-bib-0016){ref-type="ref"} The mRNA expression of IL‐6 in the myocardial tissues was elevated in TAC mice where abrupt pressure overload on left ventricle (LV) was produced.[17](#jcmm15147-bib-0017){ref-type="ref"}, [18](#jcmm15147-bib-0018){ref-type="ref"} Cardiac myocytes produce IL‐6 spontaneously, and persistent activation of gp130 is associated with cardiac hypertrophy in mice.[19](#jcmm15147-bib-0019){ref-type="ref"} However, the role of IL‐6 signalling is under debate due to different effects of IL‐6 inhibition on setting the trajectory for HHD progression. IL‐6 protects the heart from injury or does harm to myocardium depending on the kinetics of the host response. This cytokine could drive protective response in the short term in myocardial infarction but sustained elevated level of IL‐6 damages to the heart by resulting in chronic inflammation and fibrotic pathology.[20](#jcmm15147-bib-0020){ref-type="ref"} Several in vivo studies using IL‐6 knockout mice come to a divergence because both the negative[21](#jcmm15147-bib-0021){ref-type="ref"}, [22](#jcmm15147-bib-0022){ref-type="ref"} and positive[23](#jcmm15147-bib-0023){ref-type="ref"} effects of this genetic manipulation on the development of cardiac remodelling and dysfunction were observed. The existing discrepancies suggest a better understanding of the role of IL‐6/gp130 signalling in HHD is needed to elucidate whether regulation of this target could potentially affect the maladaptive cardiac development after an insult of pressure overload.

Previously our group reported that Bazedoxifene could inhibit phosphorylation of STAT3 by targeting IL‐6/gp130 interface in pancreatic cancer cells,[24](#jcmm15147-bib-0024){ref-type="ref"} which implied the potential effect of Bazedoxifene on IL‐6/gp130 signalling in cardiovascular diseases. Here, we found Bazedoxifene preserved cardiac function, and ameliorated myocardial remodelling caused by TAC in mice. Moreover, Bazedoxifene executed an inhibition of p‐STAT3 in H9c2 myoblasts stimulated with IL‐6 and in pressure overload mice at both the earlier and later stage. Moreover, Bazedoxifene might serve as another potent approach for manipulation of autophagy in vitro and in vivo.

2. MATERIALS AND METHODS {#jcmm15147-sec-0002}
========================

2.1. Animals and reagent {#jcmm15147-sec-0003}
------------------------

All animal experiments were performed in accordance with the Institutional Animal Use and Care Committee of Tongji Medical College, Tongji Hospital, Huazhong University of Science and Technology. Male wild‐type C57BL/6J mice (8 weeks old and ≈25 g) were purchased from the Jackson Laboratory. Mice were randomly assigned to three groups (n = 10 per group for long‐term observation and n = 5‐6 per group for acute window exploration): (a) sham group; (b) TAC group; (c) TAC+Bazedoxifene (hereinafter referred as BAZ) group. Murine TAC was performed to apply mechanical strain induced by pressure overload derived from aortic constriction on left ventricle as referenced.[25](#jcmm15147-bib-0025){ref-type="ref"} Mice were anaesthetized by 2% isoflurane mixed with 0.5‐1.0 L/min 100% O~2~. PE 90 tube was used to perform endotracheal intubation, then mechanical ventilation around 130 breaths/min and a tidal volume of 0.2‐0.3 mL was performed. Mice were placed in a supine position on a warming pad. Partial thoracotomy to the second rib was then performed using a chest retractor to retract sternum. The aortic arch was exposed and constricted by a 7‐0 silk ligature tied against a 27^1/2^ gauge blunt needle. The needle was removed resulting in a constriction with a diameter of about 0.36 mm. For Sham group, the same intervention without a tied knot was performed. For gavage Bazedoxifene (No. 15005, Cayman Chemical), stock solution was further diluted in phosphate buffer saline (PBS) containing 20% hydroxypropyl B cyclodextrin (HPBCD) (20 μg HPBCD/100 μL PBS, 0.2 mg/mL). In detail, the stock concentration of Bazedoxifene was 25 mg/mL in dimethylsulfoxide (DMSO). For intragastric gavage, the stock solution was further diluted in 0.2 mg/mL HPBCD to form mixed liquid containing 0.125 mg Bazedoxifene per 100 μL (5 μL DMSO, respectively) with regard to a mouse weighing 25 g. For Sham and TAC group, each mouse was daily administrated with mixed liquid comprised of 95 μL HPBCD (0.2 mg/mL) and 5 μL DMSO. Bazedoxifene (5 mg/kg) was administrated to mice of BAZ group via intragastric gavage once a day. All mice were given gavage from 3 days before surgery to the sacrifice at the indicated time‐points after surgery. In the long‐term observation, 3 mice of Sham group were sacrificed 4 weeks after surgery while 7 mice at 8 weeks. For TAC and BAZ groups, 4 mice were sacrificed in each group at 4 weeks after TAC and the left were all sacrificed at the time‐point of 8 weeks.

2.2. Histology and immunohistochemistry {#jcmm15147-sec-0004}
---------------------------------------

Harvested hearts were embedded in paraffin or stored at −80°C before cutting. The embedded tissues were then sectioned and stained with haematoxylin‐eosin, picrosirius red or Massion\'s trichrome staining according to the manufacturer\'s protocols. The interstitial fields without any blood vessels and the perivascular fibrosis from the fields containing vasculature were imaged. For immunohistochemistry, we used antibody against IL‐6 (D220828, Sangon) to detect the protein expression in LV tissues according to the manufacturer\'s protocols. Image capture was operated using EVOS FL Auto Imaging System (Life Technologies, ThermoFisher Scientific).

2.3. Echocardiography {#jcmm15147-sec-0005}
---------------------

Echocardiograms were performed in East Hospital, Tongji University School of Medicine, Shanghai, China. Male wild‐type C57BL/6J mice (8 weeks old and ≈25 g) were randomly divided into three groups: (a) sham group, (b) TAC group, (c) TAC+BAZ (n = 4‐6 per group). The protocols for gavage was as described above. The echocardiographic parameters were assessed at the indicated time‐points and the potential side effect of BAZ on cardiac function was tested in n = 5 healthy mice (Methods [S1](#jcmm15147-sup-0002){ref-type="supplementary-material"}). Mice were anaesthetized with isoflurane (3% for induction and 2% for maintenance). The gas was mixed in 1 L/min O~2~ and administrated via a facemask. Hair on the anterior chest was removed by chemicals and then discarded. All parameters were obtained by an experienced operator and the analysis of raw data was performed on a workstation installed with Vevo 2100 (FUJIFILM VisualSonics) by the same operator who was blind to all the experiment.

2.4. Cell culture and treatment {#jcmm15147-sec-0006}
-------------------------------

H9c2 cells were purchased from the American Type Culture Collection and maintained in Dulbecco\'s modified Eagle\'s medium (DMEM, KeyGEN BioTECH) high glucose supplemented with 10% foetal bovine serum (FBS, Gibco, ThermoFisher Scientific) and 1% penicillin/streptomycin (Sigma‐Aldrich). Cells were plated and cultured for 24 hours in the medium in a humidified 37°C incubator with 5% CO~2~. Prior to treatment H9c2 cells were serum starved for 8 hours. For Western blot experiments, starved H9c2 cells were stimulated by IL‐6 (PeproTech, No. 200‐06, 25 ng/mL) or angiotensin Ⅱ (AngⅡ, MedChemExpress, HY‐13948, 100 nmol/L) and harvested at the indicated time‐points. For the exploration of Bazedoxifene, starved cells were treated with Bazedoxifene (equivalent DMSO as control) for 2 hours followed by IL‐6 (25 ng/mL) or AngⅡ (100 nmol/L) induction for another 30 minutes. As to the experiments of soluble IL‐6 receptor (sIL‐6R), stimuli (IL‐6 or AngⅡ) and sIL‐6R were added to the supernatant culture medium of starved cells for 30 minutes, or administrated in the medium, respectively.

Cell treatment in the detection for the transcripts of hypertrophic markers and cell surface area was described as followed. H9c2 cells were planted in a 6‐well plate. Serum starved cells were pre‐treated with Bazedoxifene (20 μmol/L) for 1 hour, followed by treatment with IL‐6 (25 ng/mL) in the presence of Bazedoxifene for 1 hour. Then, H9c2 cells were cultured with medium containing IL‐6 (25 ng/mL) in the absence of Bazedoxifene for 48 hours. After washing with PBS, cells were collected for RNA extraction or fixed with 4% paraformaldehyde (Sigma‐Aldrich) for 20 minutes and stained with 0.5% crystal violet (ThermoFisher Scientific) for 30 minutes at room temperature. Excessive crystal violet was discarded, and image capture was operated using EVOS FL Auto Imaging System (Life Technologies, ThermoFisher Scientific) after the plates were dried. Cell surface area analysis was performed by ImageJ.

2.5. Quantitative PCR {#jcmm15147-sec-0007}
---------------------

Total RNA was extracted from frozen tissues and cultured cells using a Hipure Total RNA Mini kit (Magen) as the manufacturer\'s instructions. cDNA synthesis was performed using ReverTra Ace qPCR RT kit (TOYOBO Co., Ltd) following the manufacturer\'s instructions. A SYBR green PCR master mix kit (TOYOBO Co., Ltd) was used to perform real‐time quantitative reverse transcription polymerase chain reaction (qPCR) on StepOnePlus real‐time PCR system (Applied Biosystems, ThermoFisher Scientific). GAPDH was used as control and the 2^ΔΔCt^ method for data analysis. Primer sequences are listed as follows. mouse BNP: Forward CTGAAGGTGCTGTCCCAGAT, Reverse CCTTGGTCCTTCAAGAGCTG. mouse Col1A1: Forward TGAACGTGGTGTACAAGGTC, Reverse CCATCTTTACCAGGAGAACCAT. mouse Col3A1: Forward GCACAGCAGTCCAACGTAGA, Reverse TCTCCAAATGGGATCTCTGG. mouse Periostin: Forward AACCAAGGACCTGAAACACG, Reverse TGTGTCAGGACACGGTCAAT. mouse IL‐6: Forward CTCCCAACAGACCTGTCTATAC, Reverse CCATTGCACAACTCTTTTCTCA. mouse MMP2: Forward TGGCACCACCGAGGACTATGAC, Reverse ACACCACACCTTGCCATCGTTG. mouse GAPDH: Forward AGGTCGGTGTGAACGGATTTG, Reverse TGTAGACCATGTAGTTGAGGTCA. rat ANP: Forward GAGCGAGCAGACCGATGAAGC, Reverse TCCATCTCTCTGAGACGGGTTGAC. rat BNP: Forward AGCTCTCAAAGGACCAAGGC, Reverse TCTGCCCAAAGCAGCTTGAA. rat GAPDH: Forward GACATGCCGCCTGGAGAAAC, Reverse AGCCCAGGATGCCCTTTAGT.

2.6. Western blot {#jcmm15147-sec-0008}
-----------------

The pulverized cardiac tissues and the collected cultured cells were lysed in RIPA lysis buffer containing 1 mmol/L protease inhibitor and 1 mmol/L phosphatase inhibitor. The lysates were centrifuged at 13 800 *g* for 20 minutes at 4°C, and the supernatant was collected. The concentration of protein was determined by BCA protein assay kit. Equivalent amounts of protein were loaded and separated using 10%‐12% Bis‐Tris SDS‐PAGE gel electrophoresis, transferred to PVDF membrane and probed with antibodies. Antibodies against phospho‐STAT3 (Tyrosine 705, \#9131, Cell Signaling Technology), phospho‐independent STAT3 (\#4904, Cell Signaling Technology), LC3B (\#3868, Cell Signaling Technology), P62/SQSTM1 (\#18420‐1‐AP, Proteintech North America) and GAPDH (\#10494‐1‐AP, Proteintech North America) were used. Horseradish peroxidase‐conjugated secondary antibodies and Immobilon Western Chemiluminescent HRP Substrate (AntGene Co., Ltd) were used for protein detection which was operated on ChemiDoc‐It 510 Imager with VisionWorks software (Ultra‐Violet Products Ltd) following the manufacturer\'s instructions.

2.7. Statistical analysis {#jcmm15147-sec-0009}
-------------------------

Data were expressed as the means ± SEM from triplicated performed experiments. Comparison of multiple groups was analysed by one‐way analysis of variance (ANOVA) with Bonferroni\'s post hoc test. Statistical significance was defined as *P* \< .05. All statistical analysis was performed with SPSS software (version 22.0). Quantitative assessment of Western blot and relative myocardial fibrosis area was performed by Image J.

3. RESULTS {#jcmm15147-sec-0010}
==========

3.1. Bazedoxifene attenuated cardiac hypertrophy induced by pressure overload in vivo {#jcmm15147-sec-0011}
-------------------------------------------------------------------------------------

To avoid potential bias resulting from different baseline, we chose age‐ and weight‐matched male mice for experiment. Heart tissues were harvested after 4 or 8 weeks of surgery. Gross morphology suggested the surgery of transverse aortic constriction increased the size of heart and Bazedoxifene attenuated this increase at 4 (Figure [1A](#jcmm15147-fig-0001){ref-type="fig"},[C](#jcmm15147-fig-0001){ref-type="fig"}) and 8 weeks (Figure [1B](#jcmm15147-fig-0001){ref-type="fig"},[D](#jcmm15147-fig-0001){ref-type="fig"}). We assessed the changes in heart weight (HW). The HW in TAC group (171.00 ± 15.57 mg) significantly increased (*P* \< .001) in mice after 4 weeks of TAC manipulation compared with Sham counterparts (99.07 ± 6.71 mg). Intriguingly, the heart mass significantly decreased (*P* \< .001) in BAZ group (109.83 ± 7.41 mg) (Figure [2A](#jcmm15147-fig-0002){ref-type="fig"}). As expected, the heart tissues of mice after 8 weeks of surgery showed a higher mass (TAC: 243.58 ± 44.26 mg vs Sham: 126.39 ± 20.29 mg, *P* \< .001). However, the difference of HW between TAC and BAZ groups (190.53 ± 37.94 mg) at 8 weeks showed no statistical significance (Figure [2D](#jcmm15147-fig-0002){ref-type="fig"}). A consideration of importance is the fact that heart weight is relevant to the bodyweight (BW) of mice. So, we calculated the ratio of HW/BW. We found the ratio increased in mice after 4 and 8 weeks of TAC (TAC: 7.05 ± 0.92 vs Sham: 4.11 ± 0.20 at 4 weeks, *P* \< .001, TAC: 9.10 ± 1.55 vs Sham: 4.80 ± 0.74 at 8 weeks, *P* \< .001) while BAZ group exhibited lower ratio at both two time‐points (4.72 ± 0.41 at 4 weeks, *P* \< .01, 6.95 ± 1.09 at 8 weeks, *P* \< .05) (Figure [2B](#jcmm15147-fig-0002){ref-type="fig"},[E](#jcmm15147-fig-0002){ref-type="fig"}). We next used heart weight/tibia length (HW/TL) as another parameter to evaluate cardiac hypertrophy. As shown in figure, at 4 and 8 weeks the ratio of HW/TL in TAC mice was increased than that in Sham group (TAC: 7.74 ± 0.23 vs Sham: 4.57 ± 0.04 at 4 weeks, *P* \< .001, TAC: 11.56 ± 1.50 vs Sham: 6.14 ± 0.88 at 8 weeks, *P* \< .001) and the ratio in TAC mice was significantly higher compared with BAZ group (4.94 ± 0.39 at 4 weeks, *P* \< .001, 8.30 ± 2.23 at 8 weeks, *P* \< .01) (Figure [2C](#jcmm15147-fig-0002){ref-type="fig"},[F](#jcmm15147-fig-0002){ref-type="fig"}).

![Morphological and hypertrophic molecular changes in heart tissues of mice. A, Representative images showing gross cardiac morphology of hearts from sacrificed mice after 4‐wk TAC. B, Gross cardiac morphology of hearts from sacrificed mice after 8‐wk TAC. C and D, Longitudinal sections of murine heart tissues stained with haematoxylin‐eosin at 4 (C) and 8 wk (D). E and F, Microscopic cross‐sections of 4‐ (E) and 8‐wk (F) TAC murine hearts stained with haematoxylin‐eosin and used for assessment of transverse cardiomyocyte area. G and H, Bar graphs showing the quantitative data for 4‐ (G) and 8‐week (H) transverse myocyte cross‐section area calculated by Image J. I and J, Bar graphs showing the mRNA expression of BNP in heart tissues from mice at 4 (I) and 8 wk (J). (n = 3 per group at 4 wk and n = 3‐4 per group at 8 wk) The relative abundance of mRNA expression or transverse myocyte area was quantified and normalized to GAPDH or that of Sham group. Data represent means ± SEM. The scale depicts 1mm for minimal interval in (A and B), 0.5mm for minimal interval in (C and D) and 20 μm in (E and F), respectively. \**P* \< .05; \*\**P* \< .01; \*\*\**P* \< .001](JCMM-24-4748-g001){#jcmm15147-fig-0001}

![Calculation of HW, HW/BW and HW/TL of mice. A, Scatterplot showing the quantitative data for HW of mice at 4 wk. (n = 3‐4 per group) B, The ratio of HW/BW of mice at 4 wk. (n = 3‐4 per group) C, The ratio of HW/TL at 4 wk. (n = 3‐4 per group) D, HW of mice at 8 wk. (n = 6‐7 per group) E, The ratio of HW/BW of mice at 8 wk. (n = 6‐7 per group) F, The ratio of HW/TL at 8 wk. (n = 6‐7 per group) Scatterplot represents means ± SEM including individual data points. \**P* \< .05; \*\**P* \< .01; \*\*\**P* \< .001, "ns" stands for "None Significance"](JCMM-24-4748-g002){#jcmm15147-fig-0002}

In addition, longitudinal sections of heart tissues from sacrificed mice after 4 and 8 weeks of TAC were prepared and assessment of myocyte cross‐sectional area was performed in each group. After aortic constriction, the transverse cardiomyocyte area was increased than that in Sham group at 4 (*P* \< .01) and 8 weeks (*P* \< .05). Bazedoxifene attenuated this increase significantly at both time‐points (Figure [1E‐H](#jcmm15147-fig-0001){ref-type="fig"}, *P* \< .05 at 4 and 8 weeks). To confirm this TAC‐induced pathogenesis, we further explored the hypertrophic response at molecular level. It has been reported that brain natriuretic peptide (BNP) is recommended as one of the biomarkers for initial diagnostic tests, and it is suggested to be regarded as exclusion markers according to American Heart Association and European Society of Cardiology.[26](#jcmm15147-bib-0026){ref-type="ref"} We found the mRNA expression of BNP was increased by 4‐ (*P* \< .01) and 8‐week TAC (*P* \< .001) intervention. BAZ group showed a decreased expression level of BNP at both time‐points (Figure [1I](#jcmm15147-fig-0001){ref-type="fig"} and J, *P* \< .01 at 4 weeks, *P* \< .05 at 8 weeks). These results suggested administration of Bazedoxifene might alleviate cardiac hypertrophy caused by pressure overload in mice.

3.2. Bazedoxifene ameliorated pressure overload‐induced left ventricular dysfunction {#jcmm15147-sec-0012}
------------------------------------------------------------------------------------

Echocardiography was performed to assess the cardiac functional changes in mice after 4 weeks of TAC. Both left ventricular ejection fraction (LVEF, TAC: 60.71 ± 15.05% vs Sham: 76.54 ± 5.25%) and left ventricular fractional shortening (LVFS, TAC: 32.55 ± 9.43% vs Sham: 44.07 ± 5.00%) decreased in TAC group compared with the counterparts but with no significance. Bazedoxifene showed no significant benefits or exacerbation in preserving LVEF (56.72 ± 12.13%) and LVFS (29.43 ± 8.42%) at 4 weeks (Figure [3B](#jcmm15147-fig-0003){ref-type="fig"},[E](#jcmm15147-fig-0003){ref-type="fig"}). After 8 weeks of surgery mice in TAC group suffered LV dysfunction with a significant decrease of LVEF (TAC: 33.04 ± 6.42% vs Sham: 77.28 ± 4.70%, *P* \< .001) and LVFS (TAC: 15.71 ± 3.41% vs Sham: 44.88 ± 4.31%, *P* \< .001). Bazedoxifene dramatically ameliorated TAC‐induced cardiac dysfunction with better preserved LVEF (BAZ: 53.21 ± 9.59% vs TAC: 33.04 ± 6.42%, *P* \< .01) and LVFS (BAZ: 27.30 ± 6.04% vs TAC: 15.71 ± 3.41%, *P* \< .01) (Figure [3I](#jcmm15147-fig-0003){ref-type="fig"},[L](#jcmm15147-fig-0003){ref-type="fig"}). Consistently, the increased left ventricular end‐systolic internal diameter (LVESID) and volume (LVESV) in 8‐week TAC mice were less pronounced in BAZ group (BAZ: 2.95 ± 0.45 mm vs TAC: 3.95 ± 0.36 mm in LVESID, *P* \< .01, BAZ: 34.52 ± 13.10 μL vs TAC: 68.70 ± 14.71 μL in LVESV, *P* \< .01) (Figure [3J](#jcmm15147-fig-0003){ref-type="fig"},[K](#jcmm15147-fig-0003){ref-type="fig"}) which exhibited no significant protection at the time‐point of 4 weeks (BAZ: 2.41 ± 0.57 mm vs TAC: 2.55 ± 0.71 mm in LVESID, BAZ: 22.08 ± 12.50 μL vs TAC: 26.05 ± 20.22 μL in LVESV) (Figure [3C](#jcmm15147-fig-0003){ref-type="fig"},[D](#jcmm15147-fig-0003){ref-type="fig"}).

![Echocardiographic profiles of mice at 4 and 8 wk. A and H, Representative images from mice at 4 and 8 wk by Vevo 2100 software. B‐G, LVEF, LVESID, LVESV, LVFS, LVEDID and LVEDV of mice were assessed at 4 wk after the surgery. I‐N, echocardiographic parameters of mice evaluated at 8 wk after the surgery. (n = 4‐6 per group) Scatterplot represents means ± SEM including individual data points. \**P* \< .05; \*\**P* \< .01; \*\*\**P* \< .001, "ns" stands for "None Significance"](JCMM-24-4748-g003){#jcmm15147-fig-0003}

3.3. Cardiac remodelling and fibrosis induced by pressure overload was prevented by Bazedoxifene {#jcmm15147-sec-0013}
------------------------------------------------------------------------------------------------

Left ventricular end‐diastolic internal diameter (LVEDID) and volume (LVEDV) could be echocardiographic parameters of LV remodelling.[23](#jcmm15147-bib-0023){ref-type="ref"} There was no significant improvement on LVEDID and LVEDV of Bazedoxifene at 4 weeks (BAZ: 3.41 ± 0.60 mm vs TAC: 3.73 ± 0.50 mm in LVEDID, BAZ: 49.63 ± 19.28 μL vs TAC: 60.63 ± 20.29 μL in LVEDV) (Figure [3F](#jcmm15147-fig-0003){ref-type="fig"},[G](#jcmm15147-fig-0003){ref-type="fig"}) but mice given by gavage with Bazedoxifene exhibited smaller LVEDID and LVEDV with a significant difference compared with TAC mice after 8 weeks of surgery (BAZ: 3.99 ± 0.35 mm vs TAC: 4.68 ± 0.35 mm in LVEDID, *P* \< .01, BAZ: 72.29 ± 15.35 μL vs TAC: 102.24 ± 17.73 μL in LVEDV, *P* \< .05) (Figure [3M](#jcmm15147-fig-0003){ref-type="fig"},[N](#jcmm15147-fig-0003){ref-type="fig"}).

Cardiac remodelling was usually accompanied by fibrosis. We assessed LV myocardial interstitium and perivascular fibrosis by picrosirius red staining and Masson\'s staining. The characteristic of gradual pathogenesis that pressure overload features expects more prominent maladaptive remodelling with tissue scarring at the later time‐point. We found pressure overload increased both interstitial and perivascular fibrosis in LV myocardial tissues of mice heart after 8 weeks of TAC. Bazedoxifene could attenuate the TAC‐induced fibrosis (Figure [4A‐D](#jcmm15147-fig-0004){ref-type="fig"}, *P* \< .05). Consistent with findings in histological observations above, the mRNA expression of periostin, collagen type Ⅰ alpha 1 and type Ⅲ alpha 1 (Col1A1 and Col3A1) measured in LV samples was found increased in mice after 8 weeks of TAC. Administration of Bazedoxifene could down‐regulate the mRNA expression of Col1A1, Col3A1 and periostin (Figure [4E‐G](#jcmm15147-fig-0004){ref-type="fig"}, *P* \< .05), which indicated the pressure overload‐induced cardiac fibrosis might be ameliorated by Bazedoxifene. We also found the fibrosis already existed in myocardium at 4 weeks (Figure [S1A‐D](#jcmm15147-sup-0001){ref-type="supplementary-material"}) when the cardiac function was disrupted but without significance. The mRNA expression of Col1A1, Col3A1 and periostin in heart tissues at 4 weeks were shown (Figure [S1E‐G](#jcmm15147-sup-0001){ref-type="supplementary-material"}). Although the differences in some parameters among three groups were not that evident, TAC promoted cardiac fibrosis and Bazedoxifene treatment tended to ameliorate this pathology.

![Bazedoxifene attenuated pressure overload‐induced LV fibrosis. LV tissues from mice after 8‐week surgery were sectioned and stained with Massion\'s trichrome (A and B) or picrosirius red (C and D). A‐D, scale bar, 200 μm, quantification of relative fibrosis area was performed by Image J, \**P* \< .05 vs sham group; ^\#^ *P* \< .05 vs TAC group. E‐G, mRNA expression profiles of fibrosis‐related genes in murine hearts at 8 wk. The relative abundance of transcripts was quantified and normalized to GAPDH. (n = 3‐4 per group) Data represent means ± SEM. \**P* \< .05; \*\**P* \< .01](JCMM-24-4748-g004){#jcmm15147-fig-0004}

3.4. Inhibition of Bazedoxifene on IL‐6 signalling pathway in heart tissues of pressure overload mice {#jcmm15147-sec-0014}
-----------------------------------------------------------------------------------------------------

Huameng Li et al[24](#jcmm15147-bib-0024){ref-type="ref"} found Bazedoxifene could inhibit IL‐6 signalling in cancer cells. We next detected the effect of Bazedoxifene on IL‐6 signalling in heart tissues of mice. As shown in Figure [5](#jcmm15147-fig-0005){ref-type="fig"}, Bazedoxifene decreased the expression of IL‐6 in the harvested heart tissues of 8‐week TAC mice by immunohistochemical staining (Figure [5A](#jcmm15147-fig-0005){ref-type="fig"}). The mRNA expression of IL‐6 and MMP2 was elevated (*P* \< .01) in myocardial tissues of 8‐week TAC mice but decreased by Bazedoxifene (*P* \< .05) (Figure [5B](#jcmm15147-fig-0005){ref-type="fig"},[C](#jcmm15147-fig-0005){ref-type="fig"}). We also paid attention to the acute window after surgery and the long‐term effect in mice. We found an inhibition of Bazedoxifene on TAC‐induced p‐STAT3 overexpression in heart tissues at 3 hours (Figure [5D](#jcmm15147-fig-0005){ref-type="fig"},[E](#jcmm15147-fig-0005){ref-type="fig"}, *P* \< .05) and 8 weeks (Figure [5F](#jcmm15147-fig-0005){ref-type="fig"},[G](#jcmm15147-fig-0005){ref-type="fig"}, *P* \< .05) after surgery. Moreover, we demonstrated increased ratio of LC3‐Ⅱ/LC3‐Ⅰ in heart tissues by Bazedoxifene compared with that in TAC group in initial stage of pathogenesis. (Figure [5D](#jcmm15147-fig-0005){ref-type="fig"},[E](#jcmm15147-fig-0005){ref-type="fig"}, *P* \< .05) However, 8‐week TAC up‐regulated the ratio of LC3‐Ⅱ/LC3‐Ⅰ in heart and durative Bazedoxifene administration reduced this change (Figure [5F](#jcmm15147-fig-0005){ref-type="fig"},[G](#jcmm15147-fig-0005){ref-type="fig"}, *P* \< .05). We next explored the potential mechanisms in H9c2 cells.

![A, Representative images of immunohistochemical staining of IL‐6 (brown blots) in heart tissues of mice at 8 wk. The scale represents 100μm (left panel). Amplified images of the box depicting the staining of protein of interest (right panel). B, Bar graphs showing the mRNA expression of IL‐6 in heart tissues from mice at 8 wk. (n = 3‐4 per group) C, The mRNA expression of MMP2 in murine hearts at 8 wk. (n = 3‐4 per group) The relative abundance of transcripts was quantified and normalized to GAPDH. (\**P* \< .05; \*\**P* \< .01.) D and E, Western blots with quantification showing the expression of p‐STAT3 and LC3 in hearts of mice 3 h after surgery (n = 5‐6 per group). F and G, Western blots with quantification showing p‐STAT3 and LC3 expression in murine hearts 8 wk post‐TAC (n = 3‐4 per group). The relative expression of p‐STAT3 was quantified and normalized to that of GAPDH. The conversion of LC3 was quantified by the ratio of LC3‐Ⅱ/LC3‐Ⅰ. \**P* \< .05 vs sham group; ^\#^ *P* \< .05 vs TAC group. Data represent means ± SEM](JCMM-24-4748-g005){#jcmm15147-fig-0005}

3.5. The effect of Bazedoxifene on IL‐6 signalling and autophagic markers in H9c2 myoblasts {#jcmm15147-sec-0015}
-------------------------------------------------------------------------------------------

IL‐6 led to cell hypertrophy in H9c2 cells and treatment of Bazedoxifene in initial stage of IL‐6 stimuli alleviated this cellular response to IL‐6 (Figure [6A](#jcmm15147-fig-0006){ref-type="fig"}, *P* \< .05). In the study by Zhao et al,[23](#jcmm15147-bib-0023){ref-type="ref"} the authors showed IL‐6 trigger resulted in an enlargement in size of H9c2 cells while WP1066 (a STAT3 inhibitor) decreased the cell size. We further detected two hypertrophic markers, atrial natriuretic peptide (ANP) and BNP. We found IL‐6 significantly increased the mRNA expression of two markers (*P* \< .05). Bazedoxifene could down‐regulate IL‐6‐induced mRNA level of ANP and BNP in vitro (Figure [6B](#jcmm15147-fig-0006){ref-type="fig"}, *P* \< .05). In the cultured H9c2 myoblasts IL‐6 (25 ng/mL) induced the phosphorylation of STAT3 (Figure [6C](#jcmm15147-fig-0006){ref-type="fig"},[D](#jcmm15147-fig-0006){ref-type="fig"}, *P* \< .05 at 15 and 30 minutes). We then explored the effect of Bazedoxifene on IL‐6 signalling. The IL‐6‐triggered enhanced phosphorylation of STAT3 (p‐STAT3) was inhibited by Bazedoxifene. (Figure [6E](#jcmm15147-fig-0006){ref-type="fig"},[F](#jcmm15147-fig-0006){ref-type="fig"}, *P* \< .05 at 20 μmol/L).

![A and B, Bazedoxifene attenuated IL‐6‐stimulated cell hypertrophy in H9c2 myoblasts (A, scale bar, 20 μm). Bazedoxifene down‐regulated the transcripts of ANP and BNP induced by IL‐6 (B, n = 4). \**P* \< .05 vs ctrl group; ^\#^ *P* \< .05 vs IL‐6 group without Bazedoxifene. C and D, Western blots with quantification showing the expression of p‐STAT3 in H9c2 cells stimulated by IL‐6 of 25 ng/mL at serial time‐points as indicated. E and F, after serum starvation H9c2 cells were treated without or with Bazedoxifene (10, 15, 20 μmol/L) for 2 h and then administrated with IL‐6 (25 ng/mL) in presence of Bazedoxifene for another 30 min. Bazedoxifene inhibited IL‐6‐induced STAT3 activation. G and H, Treated without or with Bazedoxifene (10, 15, 20 μmol/L) for 2 h, H9c2 cells were stimulated by IL‐6 (25 ng/mL) for another 30 min. IL‐6 trigger decreased ratio of LC3‐Ⅱ/LC3‐Ⅰ and promoted P62 expression. Bazedoxifene increased the ratio and down‐regulated expression of P62 in H9c2 cells. Quantitative data of p‐STAT3 or P62 were normalized to those of GAPDH. The conversion of LC3 was quantified by the ratio of LC3‐Ⅱ/LC3‐Ⅰ. Data of control group were set arbitrarily as 1. Data represent means ± SEM. \**P* \< .05 vs ctrl group; ^\#^ *P* \< .05 vs IL‐6 group without Bazedoxifene](JCMM-24-4748-g006){#jcmm15147-fig-0006}

Microtubule‐associated protein 1 light chain 3 (LC3) is one of the autophagic markers and the role for P62 has been established by many studies in protein turnover through autophagy. We demonstrated the decreased ratio of LC3‐Ⅱ/LC3‐Ⅰ in heart tissues harvested from the mice after acute pressure overload trigger while the ratio in BAZ mice was higher (Figure [5D](#jcmm15147-fig-0005){ref-type="fig"}, *P* \< .05). We further noticed the reduced ratio of LC3‐Ⅱ/LC3‐Ⅰ and increased expression of P62 with IL‐6 treatment compared to those in H9c2 cells as control. Bazedoxifene preserved the ratio and suppressed the expression of P62 (Figure [6G](#jcmm15147-fig-0006){ref-type="fig"},[H](#jcmm15147-fig-0006){ref-type="fig"}, *P* \< .05 at 20 μmol/L).

3.6. IL‐6 contributed to the response to Angiotensin Ⅱ in H9c2 myoblasts {#jcmm15147-sec-0016}
------------------------------------------------------------------------

We also found AngⅡ induced the phosphorylation of STAT3 (Figure [7A](#jcmm15147-fig-0007){ref-type="fig"},[B](#jcmm15147-fig-0007){ref-type="fig"}, *P* \< .05 at 15 and 30 minutes), and this induction could be inhibited by Bazedoxifene in a concentration dependent manner (Figure [7C](#jcmm15147-fig-0007){ref-type="fig"},[D](#jcmm15147-fig-0007){ref-type="fig"}, *P* \< .05), which indicated that IL‐6 might contribute to the response to AngⅡ in H9c2 cells. Moreover, the AngⅡ‐induced p‐STAT3 could be inhibited by soluble IL‐6 receptor (sIL‐6R) (Figure [7E](#jcmm15147-fig-0007){ref-type="fig"},[F](#jcmm15147-fig-0007){ref-type="fig"}, *P* \< .05), a specific constituent of trans‐signalling of IL‐6, which is considered limiting of IL‐6‐induced p‐STAT3 at low concentrations but permissive of p‐STAT3 at higher concentrations (Figure [7G](#jcmm15147-fig-0007){ref-type="fig"},[H](#jcmm15147-fig-0007){ref-type="fig"}, *P* \< .05 at 5, 25 and 50 ng/ml), indicating IL‐6 might play an important role in response to AngⅡ in H9c2 myoblasts.

![IL‐6 contributed to the response to AngⅡ in H9c2 cells. A and B, Western blots with quantification showing the expression of p‐STAT3 in H9c2 cells stimulated by AngⅡ of 100 nmol/L at serial time‐points as indicated. C and D, after serum starvation H9c2 cells were treated without or with Bazedoxifene (10, 15, 20 μmol/L) for 2 h and then administrated with AngⅡ (100 nmol/L) in presence of Bazedoxifene for another 30 min. Bazedoxifene suppressed AngⅡ‐induced STAT3 activation. (For B and D, \**P* \< .05 vs ctrl group; ^\#^ *P* \< .05 vs AngⅡ group without Bazedoxifene) E and F, Inhibition of AngⅡ‐induced p‐STAT3 by sIL‐6R. Cells were cultured with AngⅡ (100 nmol/L) and sIL‐6R (15 ng/mL) simultaneously for 30 min as indicated. G and H, Effect of sIL‐6R of different concentration on IL‐6 signalling transduction. H9c2 cells were cultured with IL‐6 (25 ng/mL) and sIL‐6R (5, 10, 15, 25, 50 ng/mL) simultaneously for 30 min as indicated. Quantitative data of p‐STAT3 were normalized to those of GAPDH. Data of control group were set arbitrarily as 1. Data represent means ± SEM. (For F and H, \**P* \< .05 vs ctrl group; ^\#^ *P* \< .05 vs AngⅡ or IL‐6 group without sIL‐6R; ^&^ *P* \< .05 vs IL‐6 group without sIL‐6R)](JCMM-24-4748-g007){#jcmm15147-fig-0007}

4. DISCUSSION {#jcmm15147-sec-0017}
=============

As people attain an advanced age, HHD becomes more responsible for the retained mortality of cardiac disorders. The poor clinical outcomes reveal that the prospects for pharmacological intervention of HHD require a basis of more elucidated mechanisms.

Various signalling pathways contributing to HHD‐associated LV remodelling and dysfunction have been annotated. Studies suggested the disease triggers of hypertrophic programme could be ascribed to the over‐activation of renin‐angiotensin‐system (RAS).[27](#jcmm15147-bib-0027){ref-type="ref"}, [28](#jcmm15147-bib-0028){ref-type="ref"}, [29](#jcmm15147-bib-0029){ref-type="ref"} Interestingly, Harada et al[30](#jcmm15147-bib-0030){ref-type="ref"} found long‐term TAC still resulted in cardiac hypertrophy in angiotensin Ⅱ type 1A receptor knockout mice. In TAC mice captopril alleviated cardiac remodelling only when administrated during sleep[31](#jcmm15147-bib-0031){ref-type="ref"} while Olmesartan, Candesartan and Losartan, three of ARBs, conferred benefits in TAC‐induced cardiac injury even in angiotensinogen‐knockdown mice,[32](#jcmm15147-bib-0032){ref-type="ref"} all of which highlighted uncovered mechanism beside AngⅡ signalling pathway and the large gap in the understanding of RAS and AngⅡ in HHD. The specific role of IL‐6/gp130 signalling in HHD still needs more studies to elucidate. In addition to the pro‐hypertrophic role of IL‐6 in rats, IL‐6 deficiency was found to attenuate AngⅡ induced cardiac pathology[33](#jcmm15147-bib-0033){ref-type="ref"}, [34](#jcmm15147-bib-0034){ref-type="ref"} and excessive activation of gp130 induces myocardial hypertrophy in mice.[19](#jcmm15147-bib-0019){ref-type="ref"} In contrary to the notion that IL‐6 might be pro‐hypertrophic and fibrotic, Kaminski et al and Lai et al[21](#jcmm15147-bib-0021){ref-type="ref"}, [22](#jcmm15147-bib-0022){ref-type="ref"} considered IL‐6 as non‐essential in cardiac hypertrophy using IL‐6 knockout mice. The divergence ascribed to the results of present studies makes the role of IL‐6 in the development of pressure overload‐induced cardiac hypertrophy and HF in mice complicated.

IL‐6 not only recognizes IL‐6R and gp130 to transduce signalling (classical pathway) but also binds to sIL‐6R to activate the downstream molecular (trans‐signalling pathway) independent of membrane IL‐6R. Both pathways contribute to the pleiotropic effect of IL‐6. Recently, Zhao et al concluded that IL‐6 played a central role in cardiac hypertrophy because of the benefits in TAC mice through IL‐6 depletion resulting in inhibited p‐STAT3 in hearts. Moreover, their conclusion suggested the necessity of IL‐6 in mediation of hypertrophic response induced by AngⅡ and phenylephrine (PE) in vitro.[23](#jcmm15147-bib-0023){ref-type="ref"} As shown in our results section, AngⅡ elicited STAT3 phosphorylation which could be decreased by Bazedoxifene. The suppressive effect of sIL‐6R on AngⅡ‐induced p‐STAT3 provided another evidence which stood for the potential role of IL‐6 in response to AngⅡ: the hypertrophic effect of AngⅡ might be partly mediated by IL‐6.

Given the evidence that AngⅡ is considered as a crucial mediator of HHD[27](#jcmm15147-bib-0027){ref-type="ref"}, [28](#jcmm15147-bib-0028){ref-type="ref"}, [29](#jcmm15147-bib-0029){ref-type="ref"} and is the target of developed therapeutic manipulation in wide range of cardiovascular diseases, we further performed TAC mice model to explore the effect of Bazedoxifene on cardiac pathological changes. As a tool to explore cardiac hypertrophy, remodelling and the consequent heart failure, experimental TAC is performed to produce pressure overload on LV to mimic HHD. The results in the study by Lai et al[22](#jcmm15147-bib-0022){ref-type="ref"} showed no significant effect of deletion of IL‐6 on LV remodelling and dysfunction after 2‐ and 4‐week TAC but Zhao et al[23](#jcmm15147-bib-0023){ref-type="ref"} reported that deletion of IL‐6 ameliorates left ventricular hypertrophy, fibrosis and dysfunction in mice with a longer follow‐up (6 weeks) after TAC. In terms of the differences in prior researches, the duration of follow‐up in our study was set 8 weeks after the primary surgery. Meanwhile, all male mice were age and weight matched to achieve a better normalized baseline. We found that TAC did not significantly altered cardiac function and Bazedoxifene exerted no significant protective effect on cardiac function at 4 weeks after aorta ligation. The benefits of Bazedoxifene were pronounced as evidenced by the 8‐week observations. DeAlmeida et al[35](#jcmm15147-bib-0035){ref-type="ref"} has reported the TAC mice operated using a 27^1/2^ gauge needle are expected to develop cardiac hypertrophy within 1‐2 weeks and cardiac dilation after 6‐8 weeks. Heart of TAC mice has to pump more than normal, and can determine a transient increase in the cardiac contraction, which might be erroneously recorded as an amelioration of his function. Prolonged pressure overload in the long term leads to a gradual maladaptive remodelling, with LV dilatation, tissue scarring and heart failure, which appears evident at 6‐8 weeks after surgery.[35](#jcmm15147-bib-0035){ref-type="ref"} We found that TAC and BAZ had effects on heart mass as well as cardiac hypertrophy already at 4 weeks. The compensatory cardiac hypertrophy at early stage of TAC‐induced pathology might account for the reason why TAC negatively effects and Bazedoxifene shows cardioprotective effect on heart function only significantly at 8 weeks after surgery in our study, which suggested that although the pharmacological intervention and insult all started in the initial phases, the redefined trajectory of disease progression might be identified in a long‐term period. Intriguingly, Furihata et al[36](#jcmm15147-bib-0036){ref-type="ref"} found operation with a 0.400 mm gauge needle led to the state of hypertrophy without left ventricular dysfunction at 4 weeks after surgery, in which the authors also showed that the 0.385 mm and 0.375 mm group (smaller constriction diameter than that in our study) of mice represented efficient in left ventricular failure at 4 weeks, while the average bodyweight of mice (19‐26 g) in the research was lower than that in our study. In another study Richards et al[37](#jcmm15147-bib-0037){ref-type="ref"} reported that TAC mice using a 27 gauge blunt needle (smaller constriction diameter than 0.400 mm) developed significant cardiac dysfunction, however, the important point of note they found was the cardiac response to different degrees of constriction seemed not to be quite consistent with the severities of phenotype because the exacerbation of several cardiac parameters was not step‐wise such as fractional shortening, ejection fraction, left atrial area, etc These reports indicate the underlying mechanisms governing these distinct responses to TAC in murine heart under different degrees of insult are still not clear, which deserves further study to figure out the potential reasons.

The underlying mechanisms that involved with IL‐6 signalling in HHD were yet to be disambiguated because of the complicated networks comprised of multiple biological process. It has been reported that the expression of IL‐6 is in positive correlation with that of MMP2 in several types of cardiovascular diseases such as aortic dissection,[38](#jcmm15147-bib-0038){ref-type="ref"} lipopolysaccharide‐induced cardiac fibrosis[39](#jcmm15147-bib-0039){ref-type="ref"} and pressure overload‐associated cardiac extracellular matrix (ECM) remodelling.[40](#jcmm15147-bib-0040){ref-type="ref"}, [41](#jcmm15147-bib-0041){ref-type="ref"} In addition to the fact that an IL‐6 dependent increase of MMP2 and a MMP2‐dependent increase in IL‐6 are observed,[42](#jcmm15147-bib-0042){ref-type="ref"}, [43](#jcmm15147-bib-0043){ref-type="ref"}, [44](#jcmm15147-bib-0044){ref-type="ref"} STAT3 directly binds to the promoter of MMP2 to regulate cellular biological process.[45](#jcmm15147-bib-0045){ref-type="ref"} IL‐6 activates STAT3 phosphorylation and promotes the expression of MMP2. Activated MMP2 degrades the ECM rendering aggravated remodelling with severe inflammation, which might lead to a IL‐6‐MMP2 feedback contributing to an uncontrolled response. Therefore, the activity of IL‐6/STAT3/MMP2 axis could be related to the severity of cardiac remodelling where inflammation plays a role of importance. We found increased expression of phosphorylation of STAT3 in LV tissues of mice after 3‐hour TAC. Although no discerned differences of heart size were identified (data not shown), the activity of IL‐6 signalling pathway might have been modulated in acute window after TAC triggers and then continuously be over‐activated for a long time. Moreover, study has shown that inhibition of STAT3 signalling by either AG490 or STAT3 siRNA results in a decrease in both transcription and secretion of IL‐6 in human vascular endothelial cells.[46](#jcmm15147-bib-0046){ref-type="ref"} In our study, Bazedoxifene led to decreased activation of STAT3 and down‐regulated mRNA expression of MMP2 at the later time‐point, which might result in a mitigated heart condition rendering down‐regulated IL‐6 expression as shown in Figure [5A](#jcmm15147-fig-0005){ref-type="fig"}. Additionally, another study shows IL‐6‐induced STAT3 phosphorylation also promotes the transcription of STAT3, which leads to the accumulation of unphosphorylated STAT3 (u‐STAT3) allowing the crosstalk of STAT3 and NF‐κB to propagate and amplify the inflammatory response.[47](#jcmm15147-bib-0047){ref-type="ref"} We did not demonstrate whether this additional transcriptional mechanism involved in our study but it is worth being studied in future. Further in study by Zhao et al,[23](#jcmm15147-bib-0023){ref-type="ref"} WP1066, a STAT3 inhibitor, has been documented to attenuate the cell surface area in H9c2 cells in presence of IL‐6 but with no use in mice. We found Bazedoxifene decreased cell surface area and myocytes area in IL‐6 stimulated H9c2 cells and TAC mice the balance between the maladaptive response and the reparative compensation defines the progression of HHD. TAC‐induced pressure overload triggers pathological imbalance promoting to create a new baseline. Therefore, exogenous treatment of Bazedoxifene might contribute to reversing the altered balance attempting to result in better prognosis. Moreover, our pharmacological intervention by Bazedoxifene is more translatable to advanced therapy of human disease compared with genome manipulation like IL‐6 deletion.

Autophagy is the process involving the selection and degradation of cellular components under orchestrated regulation. Matured autophagosome containing sequestrated cellular cargos tagged for degradation requires the fusion with a lysosome to form the autolysosome where the contents are degraded into the constituent build blocks.[48](#jcmm15147-bib-0048){ref-type="ref"} During autophagosome formation, the nascent LC3 proceeds to become LC3‐Ⅰ with latent cytosolic distribution. Lipidation of LC3 is the conversion of cytosolic LC3‐Ⅰ to LC3‐Ⅱ which is incorporated into the double‐membrane structure of autophagosomes and mediates protein incorporation. Therefore, the expression of LC3‐Ⅱ/LC3‐Ⅰ could be used to evaluate the abundance of autophagosomes.[49](#jcmm15147-bib-0049){ref-type="ref"}, [50](#jcmm15147-bib-0050){ref-type="ref"} P62, known as one of autophagy receptors, harbours both ubiquitin‐binding domains and LC3‐interacting region conferring the selectivity to cargos for autophagic clearance. However, accumulation of P62 could account for the markedly slowed proteasomal degradation by binding ubiquitinated proteins.[51](#jcmm15147-bib-0051){ref-type="ref"} Studies found decreased markers of autophagy during an initial (1 week) phase in TAC mice compared with the counterparts[52](#jcmm15147-bib-0052){ref-type="ref"} and excessive P62 expression is found in aberrant protein aggregates.[53](#jcmm15147-bib-0053){ref-type="ref"} An opinion suggests that cardiac autophagy at baseline level or short‐term activation primes the myocardium to withstand overload pressure but excessive and sustained autophagy might contribute to cardiac malfunction under a hypertrophic insult.[50](#jcmm15147-bib-0050){ref-type="ref"} Induction of autophagy is considered beneficial in the setting of acute energy stress including fasting, nutrient deprivation and ischaemia‐reperfusion.[54](#jcmm15147-bib-0054){ref-type="ref"}, [55](#jcmm15147-bib-0055){ref-type="ref"}, [56](#jcmm15147-bib-0056){ref-type="ref"} Our results suggested treatment of Bazedoxifene might result in preserved ratio of LC3‐Ⅱ/LC3‐Ⅰ and down‐regulated expression of P62 under an acute insult of IL‐6 (30min) in H9c2 cells, which might indicate an enhanced autophagic flux. In animal study, Bazedoxifene increased this ratio at 3 hours after TAC but attenuated the aberrant up‐regulation of LC3‐Ⅱ/LC3‐Ⅰ at 8 weeks post‐TAC. In general, Bazedoxifene alleviated over‐activation of STAT3 and moderated the aberrant autophagic process caused by pressure overload at both two time‐points. This special effect of Bazedoxifene in our results might confer benefit in protein turnover by enhanced degradation of maladaptive cellular components in response to acute stress while mitigating over‐activation of autophagy in the long term, which accounted for the potential mechanisms underlying the benefit of Bazedoxifene intake in TAC mice in part.

We found the induction of p‐STAT3 was coincident with reduction of ratio of LC3‐Ⅱ/LC3‐Ⅰ in IL‐6 stimulated H9c2 cells and in TAC mice at the earlier stage, but at the later stage in TAC mice up‐regulation of p‐STAT3 was accompanied by increased ratio of LC3‐Ⅱ/LC3‐Ⅰ. A review about the understanding of STAT3 in autophagy summarized that different modified or localized STAT3 exhibited pro‐ or anti‐autophagy function in transcription‐dependent and transcription‐independent manner in various circumstances.[57](#jcmm15147-bib-0057){ref-type="ref"} Inhibition of STAT3 could lead to induction of lipidation of LC3A resulting in up‐regulation of autophagy in glioma cells.[58](#jcmm15147-bib-0058){ref-type="ref"} However, the mechanisms underlying how STAT3 plays context‐dependent role in autophagy is yet to be elucidated. Further studies are required to discern the potential interaction between IL‐6 signalling pathway and LC3 or P62 in the nuanced autophagy throughput in pressure overload‐induced perturbation.

Recently, another study found circulating IL‐6 and tumour necrosis factor alpha (TNF‐α) instead of pressure load are associated with concentric left ventricular remodelling independent of left ventricular mass,[59](#jcmm15147-bib-0059){ref-type="ref"} which indicated we should take more efforts to explore other potential roles of IL‐6 as well as inflammation in cardiovascular diseases. The inhibition of IL‐6 signalling by Bazedoxifene and the benefits it conferred in murine pressure overload pathology might provide evidence for the potential role of Bazedoxifene in anti‐inflammatory therapy in HHD and even other cardiovascular diseases. Moreover, no anti‐inflammatory therapies are approved for the clinical treatment of HHD and its sequelae to date. Bazedoxifene has been approved by US Food and Drug Administration (FDA) for the treatment of osteoporosis in post‐menopausal women with high risk of breast cancer, which provides the advantages of Bazedoxifene in clinic use and we also found Bazedoxifene had no significant effect on LVEF, LVFS, LVESID, LVEDID, LVESV and LVEDV in healthy C57BL/6J mice (Figure [S2](#jcmm15147-sup-0001){ref-type="supplementary-material"}A‐F). Future studies might shed new insights into the promising effect of Bazedoxifene, and our discovery might supply the development of novel avenues in treatment of cardiovascular diseases with inspiration.

Collectively, we demonstrated Bazedoxifene suppressed the activity of IL‐6 signalling pathway and regulated autophagy in vitro and in vivo. Bazedoxifene intake could decrease the hypertrophic markers in vivo and in vitro, and attenuate TAC‐induced cardiac remodelling with down‐regulated fibrotic markers. However, the existing gap in our knowledge base in the field of HHD should be noted. The pathology that murine model mimics differs from HHD in humans. Studies have proved that Bazedoxifene inhibits IL‐6/gp130 signalling pathway in several types of cancer,[60](#jcmm15147-bib-0060){ref-type="ref"}, [61](#jcmm15147-bib-0061){ref-type="ref"}, [62](#jcmm15147-bib-0062){ref-type="ref"} but whether the observed benefit of Bazedoxifene intake is dependent of IL‐6 signalling in pressure overload mice has not been established. Notably, the 3‐hour to 8‐week results suggested the sustained STAT3 activation and dynamic alteration of LC3 conversion might participate throughout the whole follow‐up, which indicated the potential requirement of durative Bazedoxifene administration, while the mechanisms underlying the adverse effect of Bazedoxifene on LC3‐II/LC3‐I in acute window and the long term need further study to clarify. To answer the question about what kinds of roles the immune cells and inflammation play in HHD also requires an in‐depth understanding of the potential implication different cells have, which will aid in the interpretation of controversial studies at present.
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